In this paper, we will use the term meiotic checkpoint has a role in the meiotic checkpoint that regulates the to refer to the regulation of oocyte patterning and numeiotic cell cycle, but not the translation of gurken clear morphology in the presence of unrepaired DSBs. mRNA. In addition, we found that p53 and mus304, the To further characterize the meiotic checkpoint in DroDrosophila ATR-IP homolog, are not required for the sophila, we studied the role of several genes required patterning defects caused by the meiotic DNA repair for the DNA damage checkpoint: the ATR-interacting mutations.
Introduction

Results and Discussion
To test whether the production of patterning defects by mutations in spindle-class genes is dependent on defect caused by mutations in the spindle-class genes (Table 1) . This is the first function described for mei-41
Chk2, we generated double mutant flies for spn-B, spn-D or okra, and DmChk2. A null mutation in DmChk2 comthat is not shared by mus304, and it may indicate that a low level of mei-41 activity is present in mus304 mupletely suppressed the dorsal-ventral patterning defects (Table 1) . In double mutant flies ( Figure 1C ), we observed tants and is sufficient for meiotic checkpoint function.
One of the downstream targets of ATM/ATR during a dramatic increase in the accumulation of Grk protein compared to spn-B single mutants ( Figure 1B) , and we checkpoint control is Chk1 kinase. In Drosophila, grapes (grp) encodes a Chk1 homolog, which regulates the DNA observed an increase in the restoration of dorsal-ventral patterning in the eggshell ( Figure 1D ). In contrast, in spn-B mutant assess the relationship between grp and the DNA repair enzymes spn-B or spn-D, we analyzed the phenotypes egg chambers, the oocyte nuclear DNA is found in a variety of conformations, including wild-type shape produced by the double mutant flies. Neither the dorsalventral patterning defects nor the oocyte nuclear mor-(17%), oblong shape (34%), or smaller distinct clumps (49%). In about 90% of the egg chambers, the DNA phology defect caused by mutations in the spindle-class genes were suppressed by grp (Table 1 and data not seems to be attached to the oocyte nuclear membrane ( Figures 1E and 1F ). In addition, the morphology of the shown). We therefore conclude that grp is not the transducer protein in the Drosophila meiotic checkpoint. Simoocyte nuclear membrane in the mutant egg chambers is also found in variety of shapes, including round (59%), ilarly, in budding yeast, the checkpoint activity of CHK1 is not required to arrest meiotic cells at pachytene arrest at pachytene is achieved by the accumulation of hyperphosphorylated Swe1p, a Wee1-like protein, and subsequent inactivation of Cdc28p [33] . Like other metazoans, Drosophila has two Wee1-like kinases, Dwee1 and Dmyt1 [34] . To study the role of Dwee1 in the meiotic checkpoint, we compared the Dwee1 expression in ovaries from spindle-class mutants to expression in wildtype by using an anti-Dwee1 antibody [34] . Western blot analysis showed that the mobility of Dwee1 protein is retarded in spn-B, okr, and spn-D mutant ovaries ( Figure  3A and data not shown) . Dwee1 protein also migrated slowly in ovarian extracts prepared from flies mutant for spn-B and grp. In contrast, the mobility of Dwee1 in flies mutant for spn-B and DmChk2 was restored to wildtype ( Figure 3A) . Immunohistochemical assays also showed an abnormal Dwee1 subcellular localization in spindle-class genes. In wild-type ovaries, Dwee1 protein accumulated inside the oocyte nucleus but was excluded from the DNA (Figure 2B ), whereas, in about 37% of mutant egg chambers from spn-B, okra, and spn-D, Dwee1 protein accumulated throughout the oocyte nucleus ( Figure 3B and data not shown) . Interestingly, we found that mutations in Dwee1 were not able to suppress Classification of dorsal-ventral patterning defects in eggshells was performed as described in Table 1 . Df, Df(2L)Dwee1-W05 contains a deletion that removes Dwee1. Classification of dorsal-ventral patterning defects in eggshells was performed as described in Table 1. gression and apoptosis in response to DNA damage. In translation of gurken mRNA. Dwee1 is, however, not required for the patterning defects seen in the spindle mice, activation of the meiotic checkpoint by unrepaired DSBs leads to p53-dependent apoptosis [36] . In conmutations. Activation of the DmChk2-dependent meiotic checkpoint may therefore control several cell cycle regtrast, the synapsis checkpoint in mice (thought to be a modification of the meiotic checkpoint) eliminates ulators which in turn may affect both meiosis and translation of gurken mRNA. In particular, it is likely that spermatocytes via p53-independent apoptosis [37] . In mammals, p53 is a direct target of Chk2 (reviewed in [12, Dwee1 activation regulates cell cycle progression, whereas DmChk2 may utilize an independent target to 13]). In flies, p53 is required for the apoptotic response to DNA damage [38] [39] [40] , undergoes DmChk2-dependent regulate Vasa, which subsequently affects dorsal-ventral patterning as well as nuclear morphology of the modification after DNA damage (M.B. et al., unpublished data), and is expressed in the oocyte [39] . In C. elegans, oocyte ( Figure 4) . While dorsal-ventral signaling by Gurken is not a conserved feature of oogenesis found in cep-1, a p53 homolog, promotes DNA damage-induced apoptosis and is also required for normal meiotic chroother organisms, the fact that Mnk, the Drosophila Chk2 homolog, acts during meiosis in other organisms raises mosome segregation in the germline [41] . To assess the role of p53 in the meiotic checkpoint, we generated the possibility that meiotic checkpoints in other species might also act through Chk2 to regulate translation durdouble mutant flies for the DNA repair enzyme okra (DmRad54) and p53. Our results showed that neither the ing oogenesis and thus directly link the meiotic cell cycle to the development of the oocyte. dorsal-ventral patterning defects nor the oocyte nuclear morphology defect caused by mutations in the spindle-
Experimental Procedures
class genes were suppressed by p53 (Table 3) . From this data, we conclude that the patterning defects found 
